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STUB 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing an highly reliable optical fiber stub 
capable of stably and accurately holding an optical fiber 
more efficiently than before, and to provide an optical 
fiber stub. 

SOLUTION: Glass or crystallized glass in a softened 
state is molded into a long capillary tube which provides 
a plurality of short capillary tubes. A long optical fiber 6 is 
inserted over the almost entire length of the inner hole of 
the long capillary tube. The long capillary tube with the 
optical fiber 6 is cut into a plurality of first capillary tubes 
12 with the optical fibers each having predetermined 
length, and the end faces 12a and 12b of the first 
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capillary tube with the optical fiber are polished. The optical fiber stub is thus manufactured 
and connected to an optical connector. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the optical fiber stub characterized by fabricating the glass or 
glass ceramics of a softening condition to the long capillary tube with which two or more short length 
capillary tubes are obtained, covering the abbreviation overall length of the iimer hole of this long 
capillary tube, inserting a long optical fiber, cutting a long capillary tube with this optical fiber to the 
first two or more capillary tubes with an optical fiber which have predetermined die length, and grinding 
the end face of the capillary tube with an optical fiber of this first. 

[Claim 2] The manufacture approach of the optical fiber stub according to claim 1 characterized by 
carrying out PC polish of the end face of the first capillary tube with an optical fiber. 
[Claim 3] The manufacture approach of the optical fiber stub according to claim 2 which carries out PC 
polish of the end side of the first capillary tube with an optical fiber, and is characterized by grinding so 
that it may become the inclined plane which accomplishes the include angle of 0-30 degrees to the field 
which intersects an other end side perpendicularly with a medial axis. 

[Claim 4] after carrying out PC polish of the both-ends side of the first capillary tube with an optical 
fiber - this the second [ which has predetermined die length so that it may become the inclined plane 
which accomplishes the include angle of 0-30 degrees to the field which intersects perpendicularly the 
first capillary tube with an optical fiber wdth a medial axis ], and third capillary tubes with an optical 
fiber - cuttmg - this - the manufacture approach of the optical fiber stub according to claim 2 
characterized by grinding the inclined plane of the second and third capillary tubes with an optical fiber. 
[Claim 5] The manufacture approach of the optical fiber stub according to claim 1 to 4 characterized by 
using the long capillary tube which has the coefficient of thermal expansion of under 7xl0-6/K. 
[Claim 6] The manufacture approach of the optical fiber stub according to claim 1 to 5 characterized by 
forming a compressive-stress layer in the fi-ont face of a long capillary tube by the quenching method or 
the ion-exchange method. 

[Claim 7] The long capillary tube which consists of the glass or glass ceramics which penetrates light 
with a wavelength of 350-500nm 50% or more by 1mm in thickness is used. After filling up the inner 
hole of this long capillary tube with the adhesives of a photo-curing mold, a long optical fiber is 
continued and inserted in an abbreviation overall length. The manufacture approach of the optical fiber 
stub according to claim 1 to 6 characterized by inserting a long optical fiber by stiffening adhesives and 
fixing an optical fiber to a long capillary tube by exposing. 

[Claim 8] The manufacture approach of the optical fiber stub according to claim 1 to 7 characterized by 
inspecting the adhesion defect of an optical fiber by using the long capillary tube which has the light 
transmittance which penetrates light with a wavelength of 800nm - 2500nm 30% or more by 1mm in 
thickness, irradiating light with a wavelength of BOOnm - 2500nm at the long capillary tube with which 
the optical fiber was inserted, and observing the transmitted light or transmission image. 
[Claim 9] The optical fiber stub characterized by coming to be produced by which manufacture 
approach of claims 1-8, and connecting with an optical connecter, 

[Claim 10] The optical fiber stub according to claim 9 characterized by having die coefficient of thermal 
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expansion of under 7xlO-7/K. 
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http://ww4Jpdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2F\^^ 5/16/2006 



JP,2003-050337,A [DETAILED DESCRIPTION] Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical fiber stub (OpticalFiber Stub) used for 

manufacture of an optical device. 

[0002] 

[Description of the Prior Art] In recent years, high performance and a cheap optical device are needed in 
large quantities with rapid development of an optical-communication network. The optical fiber stub of 
the shape of a cylinder which inserted the optical fiber in the precise capillary tube, and fixed with 
adhesives is used especially for the optical device of a plug mold and the optical device of a receptacle 
mold having an optical fiber. 

[0003] For example, as shown in drawing 6 , outgoing radiation is carried out from laser diode 1, and in 
order to adopt the lightwave signal condensed with the lens 2 to the optical fiber 4 in the optical 
connector plug 3, or since it condenses to the photodiode which does not illustrate the lightwave signal 
which carried out outgoing radiation from the optical fiber 4 of an optical connector plug, the module of 
such structure is used. By such module, in order to adopt the lightwave signal condensed with the lens 2, 
the optical fiber stub 5 holding an optical fiber 6 is used into inner hole 5a for the lightwave signal by 
which outgoing radiation is carried out. 

[0004] In order to prevent that the reflected light goes into laser diode 1, and becomes a noise, polish 
processing of the end-face 5b by the side of the laser diode 1 (or photodiode) of this optical fiber stub 5 
is carried out so that end-face 5b may accomplish the include angle of abundance to the incidence shaft 
of a lightwave signal. Furthermore, 5d of C chamfering of the edge is prepared in the periphery section, 
and convex surface polish for PC (physical contact) centering on an optical fiber 6 is carried out by end- 
face 5c of the opposite side so that the optical connector plug 3 and connection may be possible. 
[0005] Processing of the end faces 5b and 5c of these optical fiber stub 5 is performed using the polish 
equipment of dedication, after fixing an optical fiber 6 with adhesives 8 in inner hole 7a of the ferrule 7 
which constitutes the optical fiber stub 5, as shown in drawing 7 . 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the ferrule 7 is a configuration as shovm in 
drawingJZ (A) and there is no flare section which guides an optical fiber 6 and makes insertion easy at 
inner hole 7a, When assembling the optical fiber stub 5 using a ferrule 7, after pouring adhesives 8 into 
inner hole 7a of a slightly larger bore than an optical fiber 6, An optical fiber 6 is inserted careftilly, 
looking into a microscope, and the difficuh activity of filling up homogeneity so that air bubbles etc. 
may not produce adhesives 8 in the gap of inner hole 7a and an optical fiber 6 is required. Therefore, the 
skilled effort is needed, and it assembles fiirther, and since capacity is proportional to the number, the 
problem of becoming cost quantity has it. 

[0007] Furthermore, when the inside of inner hole 7a of a ferrule 7 carries out extension shaping of the 
base material, a fresh field without dirt is done with a sufficient precision, but since the inside of inner 
hole 7a is soiled by subsequent cutting processing and processing of C chamfering-of-the-edge 7c with 
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cutting fluid, abrasives, and glass powder, the bore of inner hole 7a must be inspected. Although this 
inspection is conducting penetration inspection by the pin gauge, since there is no flare section also in 
this case, pin gauge insertion takes time and effort. 

[0008] On the other hand, it is necessary to shave off all produced flare section 9a, and in the case of a 
ferrule 9 of a configuration like drawing 7 (B), for this reason, the removal cost by polish is large and 
polish takes a long time to it. On the other hand, if the diameter of opening of flare section 9a is made 
small in order to shorten the removal time amount of flare section 9a, insertion of an optical fiber 6 or a 
checking pin gauge will become difficult like the case of a ferrule 7. 

[0009] Moreover, in the ferrules 7 and 9 of drawing 7 , when an optical fiber 6 is fixed with adhesives 8, 
adhesive agent pocket ball 8a is formed in the end faces 7b and 9b of the side which performs PC polish 
processing (since the direction in which adhesive agent pocket ball 8a was formed becomes easy, PC 
polish), adhesive agent pocket ball 8a is made to form positively -****, when the outer diameter of 
ferrules 7 and 9 is phil .25mm Since it will be necessary to strip off like [ the area of end-face 7b and 9b 
parts will be small, and ] a cutter knife for the adhesives 8 which adhesives 8 protruded into the part of 
the C chamfering of the edge 7c and 9c, and fixed to the C chamfering of the edge 7c and 9c after PC 
polish There is a problem of a processing man day increasing and reducing the yield. 
[0010] Moreover, when fixing an optical fiber 6 in an inner hole using the capillary tube made from a 
ceramic to ferrules 7 and 9, to the coefficients of thermal expansion of the optical fiber 6 which consists 
of quartz glass being abbreviation 5xlO-7/K, the coefficient of thermal expansion of the capillary tube 
made fi-om a ceramic is as large as 8.3x1 0-6/K, and the ejection pull-in effect happens to the end face of 
an optical fiber 6 located in end faces 7b and 9b by the temperature change. The reinforcement and the 
phase of a lightwave signal which spread other optics connected with an optical fiber 6 in connection 
with this phenomenon change, and there is also a trouble that the connection grace of a lightwave signal 
falls. 

[00 11] Moreover, when fixing an optical fiber 6 in the inner hole using the capillary tube made fi-om a 
ceramic to ferrules 7 and 9, the capillary tube made from a ceramic hardly penetrates the light whose 
wavelength which the adhesives of a photo-curing mold generally harden is 350nm - 500nm. Therefore, 
the trouble that the adhesives of the photo-curing mold which has sensibility cannot be used is in a blue 
visible ray from ultraviolet rays. 

[0012] Moreover, when fixing an optical fiber 6 in the inner hole using the capillary tube made from a 
ceramic to ferrules 7 and 9, since light lOOOnm or more is hardly penetrated, the capillary tube made 
fi-om the ceramics caimot carry out defective inspection in the capillary tube with an optical fiber which 
carried out insertion fixing of the optical fiber 6 using the laser beam in an infrared field lOOOnm or 
more etc. 

[0013] This invention was devised in view of the above-mentioned conventional trouble, and it is 
possible for it to be stabilized and to hold an optical fiber correctly, and it aims at offering the efficient 
producible manufacture approach of an optical fiber stub and an efficient producible optical fiber stub 
for a reliable optical fiber stub by leaps and bounds than before. 
[0014] 

[Means for Solving the Problem] The manufacture approach of the optical fiber stub concerning this 
invention The glass or glass ceramics of a softening condition is fabricated to the long capillary tube 
with which two or more short length capillary tubes are obtained. Cover the abbreviation overall length 
of the inner hole of this long capillary tube, insert a long optical fiber, and a long capillary tube with this 
optical fiber is cut to the first two or more capillary tubes with an optical fiber which have 
predetermined die length. Since it is characterized by grinding the end face of the capillary tube with an 
optical fiber of this first The process which the inside of the inner hole of a long capillary tube is not 
soiled, but carries out pin gauge inspection of the inner hole of a capillary tube since it is still the clean 
surface at the time of shaping becomes unnecessary. The adhesives to the inner hole of a capillary tube 
and the insertion also of the process which decreases sharply and shaves off overflowing adhesives of an 
optical fiber are lost, and they become possible [ reducing the number of assemblers of an optical fiber 
stub more sharply than before ]. 
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[001 5] When fabricating the glass or glass ceramics of a softening condition to a long capillary tube by 
this invention, extension shaping of the base material of the shape of tubing which consists of the glass 
or glass ceramics processed into the precision may be carried out, a long capillary tube may be 
produced, and a long capillary tube may be produced by fabricating the fused glass or glass ceramics to 
a precision by it. ****** [ capillary tube / two or more / this long capillary tube may have the overall 
length which can obtain two or more short length capillary tubes wdth an optical fiber used in order to 
produce an optical approximate circle column-like device member, and / there ******/ thing / of single 
die length / two or more short length capillary tubes with an optical fiber in this case, and / thing / of 
several sorts of die length ]. 

[0016] Furthermore, if the overall length of a long capillary tube is 20mm or more, two or more optical 
device members produced from a capillary tube with an optical fiber with an overall length of less than 
10mm will be obtained. Moreover, since adhesives will be made as for heat treatment to homogeneity 
with the heating furnace of easy for an inner hole and that homogeneity can be filled up, and existing if 
the overall length of a capillary tube is 500mm or less, it is desirable. 

[0017] The silica glass fiber used for high-speed optical communication as an optical fiber of the long 
picture which fixes to a long capillary tube is usable, and it is convenient, even if the optical fiber does 
not need to be fixed even to the point of the long capillary tube which is processed behind and removed 
that an overall length is covered mostly and adhesion immobilizafion should just be carried out of the 
inner hole of a long capillary tube or the optical fiber has projected some fi-om the end face. 
[0018] Moreover, since it is characterized by the manufacture approach of the optical fiber stub of this 
invention carrying out PC polish of the end face of the first capillary tube with an optical fiber, by 
making PC connection with an optical connector plug, the produced optical fiber stub can prevent 
reflection of a lightwave signal, and is produced more efficiently than before. 

[0019] Moreover, the manufacture approach of the optical fiber stub of this invention Since PC polish of 
the end side of the first capillary tube with an optical fiber is carried out and it is characterized by 
grinding so that it may become the mclined plane which accomplishes preferably 0-30 degrees of 
include angles of 5-15 degrees to the field which intersects an other end side perpendicularly with a 
medial axis PC connection can be made with an optical connector plug, and the produced optical fiber 
stub is produced more efficiently than before while it prevents reflection of a lightwave signal to laser 
diode or a photodiode. 

[0020] Moreover, the manufacture approach of the optical fiber stub of this invention As opposed to the 
field which intersects perpendicularly the capillary tube with an optical fiber of this first with a medial 
axis after carrying out PC polish of the both-ends side of the first capillary tube with an optical fiber 0- 
30 degrees, the second [ which has predetermined die length so that it may become the inclined plane 
which accomplishes the include angle of 5-15 degrees preferably ], and third capillary tubes vsdth an 
optical fiber - cutting ~ this, since it is characterized by grinding the inclined plane of the second and 
third capillary tubes with an optical fiber The useless, effective use of a long capillary tube which is not 
is attained, and polish becomes possible about the other end side of a capillary tube with an optical fiber 
for a short time. 

[0021] Moreover, the manufacture approach of the optical fiber stub of this invention Since it is 
characterized by using the long capillary tube which has the coefficient of thermal expansion of under 
7xlO-6/K Change of extent which has a bad influence on the reinforcement and the phase of the 
lightwave signal which spreads the optical fiber of the quartz system held in connection with 
temperature changes, such as atmospheric temperature, and other optics does not produce the produced 
optical fiber stub. It is produced possible [ maintaining the connection grace of a lightwave signal at the 
predetermined range ] more efficiently than before. 

[0022] Moreover, the manufacture approach of the optical fiber stub of this invention Since it is 
characterized by forming a compressive-stress layer in the fi-ont face of a long capillary tube by the 
quenching method or the ion-exchange method By forming a compressive-stress layer in the front face 
of a long capillary tube, and making mechanical strength strengthen Even if it has some cracks etc. by 
machining, also when extemal force is applied at the time of an intense heat shock starting, or the time 
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of handling, breakage does not take place, but it becomes possible to deal with it easily, without being 

missing. 

[0023] Although extent whose strengthening improves is not high when forming a compressive-stress 
layer in the front face of a long capillary tube with a quenching method (quenching), it becomes possible 
to be stabilized without almost varying and to raise reinforcement. 

[0024] When forming a compressive-stress layer in the front face of a long capillary tube according to 
the ion exchange, extent whose strengthening improves becomes high. If it is the glass or glass ceramics 
containing the ion of alkali elements, such as Li and Na, as a long capillary tube which performs ion 
exchange treatment, it is usable and boro-silicated glass with comparatively high toughness, the glass 
ceramics of a RISHIA-alumina-silicate system, etc. are suitable as glass. 

[0025] Moreover, the manufacture approach of the optical fiber stub of this invention The long capillary 
tube which consists of the glass or glass ceramics which penetrates light with a wavelength of 350- 
500nm 50% or more by 1mm in thickness is used. After filling up the inner hole of this long capillary 
tube with the adhesives of a photo-curing mold, a long optical fiber is continued and inserted in an 
abbreviation overall length. Since it is characterized by inserting a long optical fiber by stiffening 
adhesives and fixing an optical fiber to a long capillary tube by exposing, it becomes possible to insert a 
long optical fiber for a short time, and the assembly time amount of an optical fiber stub can be 
shortened sharply. 

[0026] Moreover, the manufacture approach of the optical fiber stub of this invention The long capillary 
tube which has the light transmittance which penetrates light with a wavelength of 800nm - 2500nm 
30% or more by 1mm in thickness is used. Light with a wavelength of 800nm - 2500nm is irradiated at 
the long capillary tube with which the optical fiber was inserted, and since it is characterized by 
inspecting the adhesion defect of an optical fiber by observing the transmitted light or transmission 
image, it becomes possible to inspect easily a long picture capillary tube with an optical fiber by non- 
contact. 

[0027] The optical fiber stub of this invention is characterized by coming to be produced by which the 
above-mentioned manufacture approach, and connecting with an optical connecter. 
[0028] By this invention, the optical fiber stub connected with an optical connecter It has the inner hole 
and peripheral face which consist of glass or glass ceramics, for example, specifically have dimensional 
accuracy equivalent to the cylindrical ferrule for optical connecters. While meaning that can compare 
what have the almost same cross-section dimension inside the cylinder which was excellent in the 
straightness, and it can connect, it means removing the optical connecter which has the special 
configuration of the biconical mold which is made to carry out fitting and carries out location ****** on 
a conic front face. 

[0029] Since the long capillary tube v^dth an optical fiber is used, the optical fiber stub produced by the 
above-mentioned manufacture approach is produced efficiently. Moreover, according to the optical fiber 
stub by which the end face was produced using the first capillary tube with an optical fiber by which PC 
polish was carried out, it is produced that PC connection is possible and efficiently. According to the 
optical fiber stub which has the inclined plane which accomplishes the include angle of 0-30 degrees to 
the field which intersects an other end side perpendicularly with a medial axis, PC connection is possible 
and whenever [ optical axial angle / of acid resisting and close outgoing radiation light ] can amend. Use 
the first capillary tube with an optical fiber which carried out PC polish of the both-ends side, and it is 
cut by the second [ which has predetermined die length so that it may become the inclined plane which 
accomplishes the include angle of 0-30 degrees to the field which intersects perpendicularly the first 
capillary tube with an optical fiber with a medial axis ], and third capillary tubes with an optical fiber. 
Since it comes to grind these inclined planes, according to the optical fiber stub produced very 
efficiently, the optical fiber stub which whenever [ optical axial angle / of acid resisting and close 
outgoing radiation light ] can amend is produced very efficiently possible [ PC connection ]. According 
to the optical fiber stub which has the coefficient of thermal expansion of under 7xlO-6/K, it is produced 
more efficientiy than before possible [ change of extent which has a bad influence on the reinforcement 
and the phase of the lightwave signal which spreads the optical fiber of the quartz system held in 



http://www4.ipdl,ncipi.gojp/cgi-bin/tran_web_cgi_ejje 5/16/2006 



JP,2003-050337,A PETAILED DESCRIPTION] 



Page 5 of 9 



connection with temperature changes, such as atmospheric temperature, and other optics not arising, and 
maintaining the connection grace of a lightwave signal at the predetermined range ]. According to the 
optical fiber stub which has a compressive-stress layer on the fi-ont face of a long capillary tube by the 
quenching method or the ion-exchange method, even if it has some cracks etc. by machining, also when 
extemal force is applied at the time of an intense heat shock starting, or the time of handling, breakage 
does not take place, but it becomes possible to deal with it easily, without being missing. According to 
the optical fiber stub which consists of the glass or crystallization glass which penetrates light with a 
wavelength of 350-500nm 50% or more by 1mm in thickness, assembly time amount is produced 
efficiently for a short time. According to the optical fiber stub which has penetrating [ 30% or more ]-by 
1mm in thickness-light v^th a wavelength of 800nm - 2500nm light transmittance, by observing the 
transmitted light or transmission image, the adhesion defect of an optical fiber is inspected and 
dependability is maintained highly. 

[0030] Moreover, the optical fiber stub of this invention is characterized by having the coefficient of 
thermal expansion of under 7xlO-7/K. 

[0031] Since it has the coefficient of thermal expansion of under 7xlO-7/K, the optical fiber stub of this 
invention is produced more efficiently than before possible [ change of the reinforcement of a lightwave 
signal or a phase which spreads the optical fiber of the quartz system held in connection with 
temperature changes, such as atmospheric temperature, and other optics hardly arising, and maintaining 
the high connection grace of a lightwave signal ]. 

[0032] As mentioned above, according to this invention, it becomes possible to reduce sharply the man 
day for producing easily the optical fiber stub in which comparison connection is possible with an 
optical cormecter. 
[0033] 

[Embodiment of the Invention] First, with an example of the optical fiber stub concerning this invention, 

preforming made from glass ceramics which has the presentation shown in Table 1, for example is 

prepared. 

[0034] 

[Table 1] 
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[0035] As for the crystallization glass used for preforming, 2.7x1 0-6/K, and Vickers hardness penetrate 
[ a coefficient of thermal expansion ] light with a wavelength of 800nm - 2500nm about 30% by 
680kg/mm in 1mm in 2 and thickness. 

[0036] Moreover, in other optical fiber stubs of this invention, about 5 mass % content of Na20 is done, 
and a coefficient of thermal expansion prepares preforming made from boro-silicated glass to which 
5xl0-6/K, and Vickers hardness penetrate light with a wavelength of 350nm - 500nm 80% or more by 
680kg/mm in 1mm in 2 and thickness. 

[0037] Drawing 1 is extension shaping of glass or glass ceramics, and the explanatory view of ion 
exchange treatment. When producing a long capillary tube, as shown in drawdng 1 (A), the preforming 
object 15 of the glass or glass ceramics which has a hole 18 at the core is produced first. Next, the 
preforming object 15 is attached in extension shaping equipment 19, and it heats with an electric fiimace 
16, and extension shaping is carried out at the glass capillary tube 10 which has an inner hole, 
controlling by the driving roller which does not illustrate the extension Plastic solid which came out 
from the fiimace in tension, and predetermined predetermined cross-section dimension and 
configuration. A cutter 17 cuts in die length of about 250mm after this extension shaping. 
[0038] When forming a compressive-stress layer in the front face of a long capillary tube with a 
quenching method (quenching), a glass front face is made to generate a compressive-stress layer by 
sprayed and quenching cold blast and a refrigerant to the glass capillary tube 10 which has 
predetermined cross-section dimension and configuration which came out from the fiimace. 
[0039] Next, when strengthening according to the ion exchange, as shown in drawing 1 R> 1 (B), about 
250mm glass capillary tube 10 is immersed for about 10 hours into the fiised sah 23 of KN03 held at 
about 400-degreeC in the ion-exchange tub 22. Then, washing removes KN03 and the capillary tube 
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which increased more than twice compared with what has the anti-chip box reinforcement unsettled as 
mechanical strength by three-point bending is obtained. In this ion exchange treatment, by permuting the 
glass of the condition of drawing 1 (C) at temperature lower than annealing temperature, and alkali ion 
with a larger ionic radius (K+) than it permuting the alkali ion in glass (Na-i- or Li-i- which is not 
illustrated), and considering as the condition of drawing 1 (D), a compressive-stress layer strong against 
a glass front face is generated, and practical strength is increased. If it does in this way, since ** 
deformation from which thermal tempering by air jets twice [ more than ] the reinforcement of ** is 
obtained and which receives neither ** configuration nor a thick limit will not take place, the 
descriptions that close dimensional accuracy is obtained, like ** sample maintenance does hot exfoliate 
like ** protective coat in which a difficult wafer is also possible are acquired. 
[0040] Next, as shown in drawing 2 (A), when the include angle at the tip which sintered the diamond 
abrasive grain carries out high-speed rotation of the tool 20 which is about 90 degrees and carries out 
cutting a core [ inner hole 11a] from the end face of a glass capillary tube, flare section 1 le of an 
approximate circle drill configuration is formed, and the long capillary tube 1 1 is produced. 
[0041] Moreover, with the gestalt of other operations, as shown in drawing 2 (B), flare section 1 le is 
attached to the edge of the long capillary tube 1 1 by pressing fit in the edge and end of a glass long 
picture capillary tube the other end of the capillary tube 21 which has approximate circle drill-like flare 
section 1 le from the both ends of a split sleeve, respectively, comparing in a split sleeve 24, and making 
inner hole 1 la of the long capillary tube 1 1 adjust inner hole 21a of a capillary tube 21. 
[0042] Or with the gestah of other operations, as shown in drawing 2 (C), flare section 1 le of an 
approximate circle drill configuration is formed in the edge of the long capillary tube 1 1 by protecting 
the external surface of a glass capillary tube by the acid-proof coat 25 made of resin, and immersing an 
edge in the glass corrosion nature solution 27 in the etching tub 26. 

[0043] Thus, the produced long capillary tube 1 1 It has high roundness with the dimension the outer 
diameter of whose is 1. 249mm* *0.5micrometer. Inner hole 1 la It is 126micrometer-f IZ-Omicrometer to 
the diameter of 125 micrometers of a silica glass fiber. And concentricity is less than 1 micrometer, and 
an optical fiber 6 is correctly positioned to approximate circle column-like MU mold or the ferrule for 
LC mold optical connecters whose call diameter D is 1.25mm, and it can hold now. Flare section 1 le of 
the approximate circle drill configuration which guides an optical fiber 6 and makes insertion easy is 
formed in the end face of the long capillary tube 11. 

[0044] As shown in drawing 3 , after filling up beforehand inner hole 1 la of the produced long capillary 
tube 1 1 with adhesives 8 like drawing 3 (A) first using capillarity, a vacuum aspirator, or a 
pressurization injector, the optical fiber 6 with which covering was removed from flare section 1 le is 
inserted like drawin g^ (B). Under the present circumstances, adhesives 8 insert an optical fiber 6 so that 
air bubbles etc. may not arise in the gap of inner hole 1 la and an optical fiber 6. 

[0045] At the time after adhesives 8 restoration of insertion of the attenuation optical fiber 6 or about the 
long capillary tube 1 1 which consists of glass ceramics which penetrate light with a wavelength of 800- 
2500nm 30% or more by 1mm in thickness like drawing 3 after insertion (D) Irradiate the light R with a 
wavelength of 800-2500nm from the light source which is not illustrated, make the long capillary tube 
1 1 penetrate, and the usual lighting is used about the transparent glass long capillary tube 1 1 . The 
condition and defect of adhesives 8 of the long capillary tube 1 1 and the attenuation optical fiber 6 are 
inspected by observing the transmitted light or a transmission image by viewing or the sensor. Then, 
adhesives 8 are stiffened only for what passed inspection, and the attenuation optical fiber 6 is fixed to 
the long capillary tube 1 1 . 

[0046] That it is what the long capillary tube 1 1 becomes from the boro-silicated glass which penetrates 
light with a wavelength of 350nm - 500nm 80% or more by 1mm in thickness in case an optical fiber 6 
is fixed like drawing 3 (C) Since the adhesives 8 of the photo-curing mold which has sensibility from 
ultraviolet rays to a predetermined light between blue visible rays can be used, fixing of an optical fiber 
6 is possible in a short time of number 10 seconds by, for example, applying about 350nm ultraviolet 
rays U. 

[0047] Moreover, when adhesives 8 are thermosetting, it puts into the heating oven 30 programmed by 
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the predetermined temperature schedule like drawing 3 (C), and the adhesives 8 in the long capillary 
tube 1 1 are stiffened. In this case, for example, the case of the adhesives hardened by holding at 100 
degrees C for 1 hour or more, generating of the contraction stress produced at the time of adhesive 
setting and air bubbles can be reduced by hardening adhesives above holding at 20-70 degrees C for 5 
hours or more, and 100 degrees C, and holding at 70-20 degrees C for 1 hour or more at the time of a 
temperature fall. 

[0048] About the long capillary tube 1 1 which consists of glass ceramics which penetrate light with a 
wavelength of 800-2500nm 30% or more by 1mm m thickness like drawing 3 (D) after fixing of an 
optical fiber 6 Irradiate the light R with a wavelength of 800-2500nm from the light source which is not 
illustrated, and the usual lighting is used about the transparent glass long capillary tube 1 1 . The long 
capillary tube 1 1 is made to penetrate and the condition and defect of adhesives 8 of the long capillary 
tube 1 1 and an optical fiber 6 are inspected by observing the transmitted light or a transmission image 
by viewing or the sensor. 

[0049] The long capillary tube 1 1 which inserted the optical fiber 6 produced by this invention As 
shown in drawing 4 , it has inner hole 1 la and peripheral face lib of dimensional accuracy equivalent to 
MU mold of the shape of an approximate circle column whose call diameter D is 1.25mm, or the ferrule 
for LC mold optical connecters. The long picture capillary tube 1 1 which is two or more or more times 
of the short length capillary tube with an optical fiber of overall lengths LI, L2, and L3 and L4 grade 
and which has the overall length L of 250mm, and where an optical fiber 6 is inserted in the inner hole 
1 la, adhesion immobilization is carried out by the adhesives 8 of an epoxy system. 
[0050] When producing an optical fiber stub, as shown in drawing 5 , the long capillary tube 1 1 with an 
optical fiber whose overall length is about 250mm is cut, and an overall length LI divides to 20 12.5mm 
(6mmx2+ cutting margin: predetermined die length : 0.4mm+ polish cost : 0.1mm) capillary tubes 12 
with an optical fiber. C chamfering-of-the-edge 12c which accomplishes the include angle of about 45 
degrees to a tube axis to the both-ends sides 12a and 12b of this capillary tube 12 with an optical fiber is 
processed, and R processing of the comer part which C chamfering-of-the-edge 12c and a side face 
accomplish is done. Subsequently, the member 13 with an optical fiber is produced by carrying out PC 
polish processing of the both-ends sides 12a and 12b at the shape of the rough convex spherical surface. 
[0051] Next, as shown in drawing 5 (D), the include angle of 8 degrees is given and cut to the field 
which intersects perpendicularly the central part of the member 13 with an optical fiber with a medial 
axis. Subsequently, the cut 8-degree slanting part is ground to a mirror plane, inclined plane 14a is 
formed, and the optical fiber stub 14 is produced. 

[0052] Or C chamfering-of-the-edge 12c is processed into end-face 12a of the capillary tube 12 with an 
optical fiber whose overall length LI is 6mm, R processing of the comer part which C chamfering-of- 
the-edge 12c and a side face accomplish is done, and PC polish processing of the end-face 12a is carried 
out at the convex spherical surface. Slanting polish of it is carried out until the include angle of 8 
degrees attaches end-face 12b, and finally it is ground to a mirror plane, finishes inclined plane 14a, and 
produces the optical fiber stub 14. 

[0053] Thus, the produced optical fiber stub 14 is incorporated in housing equipped with the member 
which has precision alignment functions, such as a rate sleeve and a receptacle, and serves as an optical 

device. 

[0054] In addition, 2.5 etc.mm other than 1.25mm of the diameter of the optical fiber stub 14 etc. is 
sufficient. Furthermore, the capillary tube made from glass ceramics in which extension shaping is 
possible may be used for the optical device as which reinforcement is required. 

[0055] Moreover, in other optical fiber stubs of this invention, the glass ceramics which have the almost 
same coefficient of thermal expansion as a silica glass fiber, for example, the N[ by Nippon Electric 
Glass Co., Ltd. ]-0 grade which has the coefficient of thermal expansion of -6xlO-7/K by having 
deposited beta-quartz solid-solution crystal, may be used. 
[0056] 

[Effect of the Invention] Accordmg to the manufacture approach of the optical fiber stub concerning this 
invention, it can compare with an optical connecter as mentioned above, and the optical fiber stub which 
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can constitute the exact light device of the reliable varieties are stabilized, can position and using the 
optical fiber can be efficiently produced by leaps and bounds by the man day sharply smaller than before 
in a connectable location. 

[0057] Since the long capillary tube with an optical fiber is used according to the optical fiber stub 
produced by the manufacture approach of the optical fiber stub concerning above-mentioned this 
invention, according to the optical fiber stub by which it is efficiently produced and the end face was 
produced using the first capillary tube with an optical fiber by which PC polish was carried out, it is 
produced that PC connection is possible and efficiently. According to the optical fiber stub produced by 
grinding so that it may become the inclined plane which accomplishes the include angle of 0-30 degrees 
to the field which carries out PC polish of the end side of the first capillary tube with an optical fiber, 
and intersects an other end side perpendicularly with a medial axis While preventing reflection of a 
lightwave signal to laser diode or a photodiode After being able to make PC connection with an optical 
connector plug and carrying out PC polish of the both-ends side of the first capillary tube with an optical 
fiber, It cuts to the second [ which has predetermined die length so that it may become the inclined plane 
which accomplishes the include angle of 0-30 degrees to the field which intersects perpendicularly the 
capillary tube with an optical fiber of this first with a medial axis ], and third capillary tubes with an 
optical fiber, this - according to the optical fiber stub produced by grinding the inclined plane of the 
second and third capillary tubes with an optical fiber, the useless, effective use of a long capillary tube 
which is not is attained, and polish becomes possible about the other end side of a capillary tube with an 
optical fiber for a short time. Moreover, according to the optical fiber stub produced by using the long 
capillary tube which has the coefficient of thermal expansion of under 7xlO-6/K It is produced more 
efficiently than before possible [ change of extent which has a bad influence on the reinforcement of the 
lightwave signal which spreads the attenuation optical fiber of the quartz system held in connection with 
temperature changes, such as atmospheric temperature, and other optics not arising, and maintaining the 
connection grace of a lightwave signal at the predetermined range ]. According to the optical fiber stub 
produced by forming a compressive-stress layer in the fi-ont face of a long capillary tube by the 
quenching method or the ion-exchange method, even if it has some cracks etc. by machining, also when 
external force is applied at the time of an intense heat shock startmg, or the time of handling, breakage 
does not take place, but it becomes possible to deal with it easily, without being missing. The long 
capillary tube which consists of the glass or glass ceramics which penetrates light with a wavelength of 
350-500nm 50% or more by 1mm in thickness is used. After filling up the inner hole of this long 
capillary tube with the adhesives of a photo-curing mold, a long optical fiber is continued and inserted in 
an abbreviation overall length. According to the optical fiber stub produced by inserting a long optical 
fiber by stiffening adhesives and fixing an optical fiber to a long capillary tube by exposing, assembly 
time amount is produced efficiently for a short time. The long capillary tube which has 30% or more of 
light transmission nature for light with a wavelength of 800nm - 2500nm by 1mm in thickness is used. 
According to the optical fiber stub produced by inspecting the adhesion defect of an optical fiber by 
irradiating light with a wavelength of 800nm - 2500nm at the long capillary tube with which the optical 
fiber was inserted, and observing the transmitted light or transmission image By observing the 
transmitted light or transmission image, the adhesion defect of an attenuation optical fiber is inspected 
and dependability is maintained highly. Thus, the optical fiber stub of this invention does the practically 
excellent effectiveness so. 
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[0029] ±m(Dmmifmzx <o mwz±y r ^ 

^<X:?:fii. ^yr^Jm<7)^RmfS^mLX\,^l 

ff>x\ i^mx<im^tit:i>ff)X'hi. i^. sh*«p 

cmm^tifzm-crt^y r ^ ^M^m^iimm lx mik 

^ixfz%y r ^ A'x^' T't J: . P CW^t^^X'^ 

W'i<iim^tix\^h . fmmi:^'mbmM-fhm\<z 
itLTo~30' <r>n^^m-mmi^h%y7^ 
)^x-s'y{,zxmi. pc^mmmx. i}^-o. Rm± 

pcmm ifzm-(my r >f ^<n%mi:m l , ii- 

~3o* <r>n&i:mmmb^j:hi:omM.<r>^^i 
m-m-&x/mE.<7i^y T A m^^^z>m^K. 

ziih<r>mmtmm^hx-^£h(nx:, #Stss^J:< 
'm^ixrz%yy^>^x^y\,zi.ti\ii. pcg«g*5«rtg 

mxif>i^y7^^<x^:fmmzmx < m^tix 

V^S. 7x 1 0-6/K*iS(7)«iJ}5SffiSt&:^-tS3t7r 
nUz^^J§i<7)^y7^J<bmyt^^&b^imtl 

m^(mm^mzm^i:m-fnm<Dm:;¥±t 
^zbm<. ±m(r>w^sh<SLm'^^{z^^z b 
mmxh 0 . t^-omti. o m^ii < fm^iix\>^ 
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fcBgfc i>wmi)mz h-r. x'&h ^ 1 1 < . ^^tix 

0 0 n mCDm 5 0%JiU:3j§-rSXf7XSJtti^^l: 

ra*W^T'S!j$j:<f^S$^lTV^|>. Jl? 1 mmT-^ 
:R8 0 0 n m- 2 5 0 0 n m03t5r 3 0 %JiLbi3i-tl. 

[ 0 0 3 0 1 iTt . r >f yN'^^^T'tt. 7 x 

[003 1] *5|B3(^)jK7r'f>'N'X^7'ti. 7x10-7 



[0032] KLhOj: 0 fc, WJlc ct^itf . 

[0033] 

[0034] 
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[0035] r^)y^-Mzm\^h1^iMyMi. 

wmmffil .7x1 0-6/K. \Ly/)-xm^ifies 

Okg/mm2, Jf$lmmTlS:i^80 0nm-^2 5 0 

0 n m cOJtS:*^; 3 0 %Sa-t S t COT'* I, . 

[ 0 0 3 6 ] t;^^. ^W^<n>mcr>%y r ^ >'U^':/f 

li. Na2 0$:*«)5Ma%-^WL. wmmmxi 

1 mmT'SE:S3 5 0 nin~5 0 0 nm(03K$-8 0%1JU: 



[ 0 0 3 7 ] 0 1 m'yxttzkm^tifyx<mw^ 

1 5iimth. <?:tc. iHifi^«!i 5$:®<*^jgga 
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0, m^mm^m ■ m^^zmmL^i)^t>\>^mtt?> 

C 0 0 3 8 ] :fiR%«'ic7)afflt^?^ffi(^'xy^y^^) 

[0039] ix^z. ^ ^y^mizx mitth^. m 

1(B) IZTfctX 0tZ.m250 mm<0/f^X^'e 1 

0i:^::ty^mS2 2^(7)^4 0 0' ClZ^^^tlfzK 

nOs<^m.m3^iz^io^imth, -ecot^, 

Xff<0T;W;!jrU>f3j-y (Na +*:ft«0*L^V^L i 

(K+) T-aMLtm (D) (Dm^tt?>^ti,zx 

[004 0] mz. [12 (A) 

ymmmit:^cr>n&m9 0' cr>^v-)V2o 

S:si$IIHK§-li-. ;{f7X%SB'g<0Sgffi*»<?>|*i?Ll 1 a$- 
^'t^tc Wait § i: {c ct 0 . B&Rit0«c^ 7 v rgp 

1 1 e SrJ^«UTftR%flIW 1 1 

{00 AWttz. mrmk<mw:ci,t. 02 { b > i= 

ifflf 2 1 cOffi^Sr ^-*£EA LTS>J 0 'J -7 2 4 cfiTlg 

1 leOrt?Ll 1 at%iffl'^2 1 
fL2 1 a IrB^^li-^ ^ fc J: 0 . 1 1 

mzvVTUl 1 e5-WiStS. 
[0042] ^VHi. fl!!<0|lific7))^!BTt4, 02(C) 

li2 5T'fiftaL, ffig?^X-yf->-i/1l2 6tt>(;);{?7^?i 

■kmw.2nzimthztt,zx^ . ^R^Mmi i<n 
&iz^v\mm.ff)y vrm 1 1 e ^j&m-h . 

[0043] CIO J: 0 {zLXmi^fitz^K^'^ 1 1 
ti, -eoWlj&n. 249mm±0. S/imOi^TS 
v^SP^lS5:^rtTfc•)s l*IfLl 1 ati. :^^je7r'f 
^N'iOIIgl 2 5^«mtjhftT 1 2 6>um+l/-0A<m 

flDT&U. 2 5mmmna^^C0MUS^y::(4LCM3fe 



[0 044] 123 t^-rj: ate, ^-f, f^$*i;t:gR 
%fflf 1 l<7)rt?Ll 1 alcll3 (A) c7)J:at:, 
«S>J8 il^^ f^t4S^iS5l^a*7t«jDEaAJI 
SS:fiJfflL-C^«L;tf*. 03 {B)<r>iiof,z. yVT 

[00451 mma^mmtM. mmyr^t/ie 

mxmrzii. *fAf*03 (d) coi^tc J?§im 

mX-^m 0 0^2500 nmiO^fe^ 3 0%a±M»t 
*L^rV^3KSi*»^»[;S8 0 0-2 5 0 0 nmCOaeRSrSg 

R^w-g-i nz^\>^ximmmmi:mtx. mm^ 

J:*)*R%«I«1 lbmWtyr^^<6t<7)mm8cr, 

ifimm8^m-it$^xWi^ityT^j<e ^^k^ 

[0046]^yr^J-^6m^tm. «R^l=l 
1 *^if $ 1 mm-C&^ft 3 5 0 n m~ 5 0 0 n mcOJtS- 8 

o%i:xk3mi-it^^mm^'9xi}^(^^j:i h<r>x'hh 

03 (C) <?)<J:3t, SI^'[-^*^4>Wfe<:o^ffi7KM«0 

t^rnx'^ h<^x\ mui. m35o nm<r>mm\ii: 
[0047] tJt, m^mstii^mmcom^ii. ms 

( C ) coJ: 3 m^co^x^'J^-Mzruf^yA 

Wzmm-yys oizxtix^R^'s 1 1 mm 

mi^xtmti z b x'mtt^mmw\<^^. 20-7 
ovizx 5 ^mim-ti z b . ail/ 1 0 ox:a±. 
xi^m\t:mi\:i. ^mz7 0-2 o-azx 1 B$^a 
±mthzbizx*). mmmmmiz±ti>mm 

[0048] 7K7r^^N'6i0ll«t^. 03 (D) COj;d 
(C. JI^ lmmTa;S80 0~2 50 0nin£r)*$'3 0 
%JiU:^-ri.lS^k^7;^7&^'b^l.*R^ifllPf 1 HZ 
ov^Tti. 0^L^rV^3tii*^^>«l[:^8OO~2 5OOn 
m<7)3tR$rB3StL. ^BJ;5:;y5;^i!|0:RR%«'il 

^\>^xim^cr>mmmLx. *r%nb^i i^sai 

mj&^hh\.m^mi:Snti::{i-ty^mX'm 

mt?>zbi>zxy)^R^'§i ibt/tyr-tJ'^ebffim 

[ 0 0 4 9 ] *%B3(C i Of^$*il.3t7 T ^ SrJf 
IfUc^gR^iNmi Itt, 04tS^1-J:5t. ifWSS 
D*n . 2 5mm(?5B&Rtt*?(?5MUa^^t4LCa3t3 



lf9mmi lht:^l. ^;ftLl, L2, L3, L4^ 

[00 50] Jt^T'f^U^yS-f^^t-l.*^, I15{C 
^-f J: 0 tC, ^**5$«,2 5 0 mmco^y r A /<'¥i<r>^K 
^1=1 iSr^BlUT. ^ftLl*<l 2. 5mm (B(f^ 
: 6mmX2+^IJir-ft: 0. 4mm+Bf®f^: 

0 . 1 mm ) 2 0 *03fe7 T ^ A-#%^<f 1 2 \,Z'm 
th. >I<03t7r^A#%$ii:i 2<7)S®ffil 2 a. 1 

2 \>\.z<m\!:.nLxmA 5- o^jKSrjjJt-rciBUl 2 c 
$:JDIL. CffiSXl 2ci:M®i:*<«'r3-:^-gP^^ 
RjDl-ri>. acV^T, jS^ifflffil 2a. 1 2bS:BSfl^® 

3 ^#811-6. 

(005 1] iXt. 05 (D) t^-rj;3(3. 3fe7T^ 

[00 5 2] ^ftLlAS6mmi03t7r-<A' 
#^^12cOSjgBiil2atCCaD]|Xl2c$-J!llo:L. C 
WXl 2ci:i!lffii;*>'l£-r3— f-gS^^R^DlL. « 
ffil 2a$rdi«ffllCPCgf@jDI-ri., Sffll 2bti8 

Xmm 1 4 a 5:ftJ:{fC jK7 r ^ ^n';^ 7' 1 4 S-f^a 

[00 5 3] C:oJ:o{cLT#i^$iifc3t7r^A'^^' 
7- 1 4 li. WX y -7"^Hr7-^' ^ ivm<r)imm.'^h 

[00 54]=5rfe. %yr^f<':^^riA<r>mMi.. 

1. 2 5mmliW«02. Smm^Ti iV^. S/^fc. 31 

[ 0 0 5 5 J ll^t:. *^HJ<7)fl!j«03t7 T>f A'X:J'yT 

tfCct 0-6x1 0-7/Kco^JP5i^S:S:*tl> 
H*m^?gi'tt5«i^a!3N - O^Srffiffl LX t iv^. 
[0056] 

[IfeBjcr)^!,^] :^w^{,zgkh^yr^J<^x^zr<r>mmi 

'sim:im.\izimi}-'^'ii^Lxm.m>^^x. 

[0057] ±iE<7)2|sj%BJ{;^53t7 r 'f a-;^^7'<^8| 
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vrAm<r>^mm^^m^\^x\^h<r>x. mx< 

-f^StlTfcO. Sgffl*«PCWg$n^||-«03K7r'f 
m^'§t:m LxmWz^y r ^ a'x 9 f\,zX 

mi. pcw^'^mxm^i.<mi^ixx\^h. 

c03K7T'f^'tf+%NrfO-ffifflS-PCgfSL. «fflSr 
4"D!Mtil5;-fl.HtJtL-C0~3 0- <7)ftSS:)ig-f<i 

4J<x9-/\,zi.ti\ii. V-^—f>{ic-Y^yithy>{ 
:i-Y\iz%m<nuMm±-thtmz. "it^^^^r 
yytPcmm'^To zbt<x^ . m-<D^yr^m 
^^mmm^pcmmuzm. wm-<n%yrM^ 
ii^mm-k^'mtm.-^-thmiznLx o~3 o • 

o5t7 T ^ fm^mffimmimmt^ z t izx m 

mtit:ytyr-i^<xi^:r^zj:ixl>i. ^R%m<om: 

imm^mv^mx'mm^mt^j:i. ttz. 7x10-6/ 

icX'om^^tifz^y 7-( J-^x^-flzXtili. ^m^D 
WJmmz bh^j:'^xm Lfz^m<7)mn^y r a- 

tfiu^^gPiftt iim-thm^c^m^izmmR 
ly-f sj^o^i:**^ tizbm<. m^mm&&. 

m^^mizm-^Z b ti^^Xh 0 . *^^1a!*J: 0 tsu 

'o^R^^<r>mmizsm!Siijmm&(.t^ zbizx<o 

^^tifz^y 7 ^ A'x^ 7'tc itilf . mmmxizj: •} 

*^'nltgi;:5rl., 1 mmTlS;g3 5 0-5 0 0 nmcT) 
Ttir 5 0%liLhSj§-rS;y5;^^/;(ife^B^k;<f7;^*^4> 

mmmmkim.iz^. ^R(r>%yrM'^^m.^\,z 

3t7 r 'f >^^^R^m\iZ^^h Z b t J: Ot&R^^tK 
7 r >f A'^Jf t C J: »)^S!$iTJt3fe7 r >f a';;^ 

iXTV>|), Jf$lmm-C^:R80 0nm~2 50 0nm 
<r>m. 3 0 %JiU:tfO^Sil115r*-ri.*R%ffl'f SriSffl 
L. %yrA>WW^^t\:tz^R^mmm.^^ 0 0 n 
m-2 50 0nmc7)3tSrS^L. -e<7)SiS3t$)l)VHiS 
JSffiSrj^-ri. i i: K J: 03t7 r >f A'^^^^tiPfiSr^aE 

-eo^^j) «, V ^\immkmk-th c: 1 i 0 

7r^A'<7)tg«^|J|S*^aE$itTi5'9. fi!ffittA^«<*i 
j^^ixTV^I.. C:cOJ:^(c*^Bj£03t7r>f >'<X:J'7't± 
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mmX-h-yX. (A) «;y7XS/itifeB^B<b;y7XOS 
fffie^i^TO, (B) {S'f:t>'3£«iJ!ia<^BB0. 
(C)[U :^y-mM(r)mS^i7ri'fm. ( D ) «>f :t V 

Tgl5^ig{tSl»BBIlT'J)-7T, (A) ti^R^WcOffi 

(B) tiSij')xy-r<ow«*><5,-«gtii&nil«<07U 
m^m. ( C ) tix -x^y^/lc J: 0 . ftR^'giO^ 

(B) « (A) (n^K^m^z^yr^f^mK-thm 

[04 ] :¥-%mzm^i^yr^m^R^M^<r>^m 
@. 

7 r >f K#:gR%iHB^*><i,Br^:^$ fc«JISrSnit3fc7 r 

^ ^M'\%W§<^WPm. ( B ) WB^MBXOJDlSn 

fz%y r -i m^mmmmm. ( c ) {my r ^ 
simmmm. ( d ) u^y r a fM^nM^w^\,zm 
-^hwm (E) \,myr^)^y^9zf(mm. 

[06 ] 5ttva-;W=«effl$^.|.3t7r^vN*x^yw 
[07 ] t^*<07e7r'f >'>';^.^7'<oS8ji:fr^ittHHa, 
1 V-^-yMi~Y 



2 l^yX 

5a. 7a, 1 1 a. 2 1 a |*1?L 

5b. 5c, 7b, 9b, 11c, lid, 12a, 1 

2 b ffiffl 

3 %^^^9^ry<f 

4, 6 3fc7r-f>'N' 

5, 14 5K7r-f>'N':^^7' 
7, 9 y:i.)V—)V 

5d, 7c, 9c, 12c CfflJX 
8 

8 a ««^J?gtO 
9a, lie yVrU 

10 ;<f7;^%IIE« 

11 ¥<R^im 

1 1 b ^mm 

12 3t7r'f>-<#^«'ff 

13 3t7r'fv'tf+g|5ff 
14a mm 

15 ;y5;^ty::t±igfffft;<f7X<^^li^«c 

16 mSv^ 

17 ;<r<y^'- 

18 ?L 

19 sfffiw^a 

2 0 'y-;P 

2 1 €ai'i= 

2 2 ^jfy^a^ 

2 3 m^m^ 

24 fJ;^U-7' 

2 5 iWSjeSli 

2 6 X-yf-y/W 

2 7 ;»y7;^jSittt?S?ffi 

3 0 



[06] 




(9) ^2 003-50337 (P2003-5033 7A) 




(11) 32 003-50337 (P2003-50337A) 



[115] 

(A) 
12a 12 12b 

















- LI 




L ' 






(B) 
12a 12 12b 



(C) 
13 






12c 
(D) 



13 A 

\ T 

^^^^^^^^ 



(E) 



^^^^ 



F^-i.{##) 2H036 QAl? QA20 IW45 



